REMARKS 

This Amendment and Response is responsive to the Final Office Action mailed June 3, 
2005. In that Action: claims 1-26 were pending; claim 25 was rejected under 35 USC 1 12, first 
paragraph, as failing to comply with the enablement requirement; claims 1, 3-10, 14, 16-24, and 
26 were rejected under 35 USC § 103(a) as being unpatentable over Liu, et al. (USPN 
6,141,076); claims 2, 12, and 15 were rejected under 35 USC §103(a) as being unpatentable over 
Liu in view of Iwayama (USPN 5,323,253); claim 1 1 was objected to as being dependent on a 
rejected base claim; and claim 13 was allowed. Reconsideration of the rejected claims is hereby 
requested. 

The examiner rejects claim 25, stating that it contains subject matter which was not 
described in the specification in such a way as to enable one skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and /or use the invention. 
Apparently it is the limitation "wherein the ferroelectric liquid crystal material in the optical 
device is surface stabilized" that the examiner feels a skilled practitioner would have difficulty 
with. 

In fact, the term "surface stabilized" is widely used in the ferroelectric liquid crystal art. 
It has been used at least since 1984, as evidenced by the attached page from a paper by Noel A. 
Clark and Sven T. Lagerwall entitled "Surface-Stabilized Ferroelectric Liquid Crystal Electro- 
optics: New Multistate Structures and Devices," published in Ferroelectrics vol. 59, pp. 25-67 
(1984). It is also found in handbooks on the subject, as evidenced by the attached page from a 
chapter entitled "Electric Field Effects in Liquid Crystals," by L.M. Blinov in the Handbook of 
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Liquid Crystal Research edited by Peter J. Collings and Jay S. Patel (Oxford University Press, 
Oxford, 1997). 

From both these examples, it is clear that this term means exactly the same as the phrase 
in applicant's specification - an PLC device that is sufficiently thin enough to prevent helical 
rotation of the director of each FLC molecule through the smectic layers (patent application at 
Figure IB; page 1, lines 7-25; and page 5, lines 15-16). 

The same terminology is widely used in U.S. patents. When searching the US patent data 
base, applicant finds 251 instances of patents that contain "surface stabilized" in conjunction 
with FLC. 

We submit that the invention we claim in claim 25 is fully enabled by the above language 
in the specification. 

Claims 1, 3-10, 14, 16-24 and 26 have been rejected as obvious over Liu. The Examiner 
misrepresents what is disclosed by Liu. Liu discloses that, in a ferroelectric liquid crystal spatial 
light modulator, one can reduce or eliminate multi-domain texture by applying a treatment of 
strong cross-buffing. Further, Liu disclosed that this provides for high contrast in the displayed 
image (col. 4, lines 46-55). Liu never states or even implies that a structure created in this 
manner is free from chevrons. Nor is it necessarily inherent that Liu's structure would be free 
of Chevrons. "High contrast" is an undefined, relative term. All it should be taken to mean is 
contrast relatively higher than some other level of contrast. Certainly it is possible to create a 
structure with relatively higher contrast than another structure without making the structure free 
from chevrons. 

On the other hand, independent claims 1, 14, 25 and 26 claim an optical device (or, in the 
case of claim 14, a method for preventing formation of chevron structures in the optical device) 
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that is free of chevron structures. Since this limitation is not found in or inherent in Liu, these 
claims are patentable, as are each of the claims that depend thereon. 

Claims 2, 12, and 15 have been rejected as obvious over the combination of Liu and 
Iwayama. Since independent claims 1 and 14 are patentable over Liu, these dependent claims 
are patentable as well. 

Based upon the foregoing, Applicants believe that all pending claims are in condition for 
allowance and such disposition is respectfully requested. In the event that a telephone 
conversation would further prosecution and/or expedite allowance, the Examiner is invited to 
contact the undersigned. 

Respectfully submitted, 

MARSH FISCHMANN & BREYFOGLE LLP 




3151 South Vaughn Way, Suite 41 1 
Aurora, Colorado 80014 
Date: August 3. 2005 (720) 562-5506 
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Mark A. Handschy 
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We describe a variety of new electro-optic effects and devices which can be made using the surface-stabi- 
lized- f eiralectric-liquid-crystal (SSFLQ geometry. These devices are made possible by application of 
surface interactions and bulk liquid crystal conditions, recently discovered in SSFLCs, including non- 
planar boundary conditions, POLAR boundary conditions, boundaries with multiple physical states, 
intrinsic spontaneous polarization splay, and layers tilted relative to the bounding plates. Using these 
alone or in combination produces an extensive collection of possible SSFLC structures with monostable, 
bistable, or multistable states. Such DEVICE STRUCTURES arc categorized by a scheme based on 
structural symmetry and the specific conditions used. Particular device applications of structures 
employing two; three, and four state devices to nonemissive displays, color displays, and light valves arc 
discussed. 



I. INTRODUCTION 
A. Previous Work 

In earlier papers 1,2 we have described a liquid crystal electro-optic device employing 
tilted chiral smectic ferroelectric liquid crystals (FLCs). In that device the liquid 
crystal is disposed between parallel plates with the planar smectic layers normal to 
their surface. The plates are treated so that the molecules near the plate surface 
would adopt an orientation having the average molecular long axis direction parallel 
to the surface plane. That is, the molecular director, n, is constrained at the surface 
to lie in the surface plane. This condition, when combined with the additional 
constraint that the director make the angle, %, with the normal to the layers, leads 
to a geometry in which, if the plates are sufficiently close together, the intrinsic 
helical configuration of h which is present in the bulk will be suppressed, leaving 
two surface stabilized states of the molecular orientation configuration, each having 
the ferroelectric polarization normal to the plates but in opposite directions (see 
Figure 1, Reference 1, 2 f or 5 for this geometry). We will refer to devices such as this, 
which employ surface interactions to stably unwind the spontaneous ferroelectric 
helix, as surface- stabilized-ferroelectric-liquid-crvstal (SSFLQ devices. 

The original SSFLC device exhibits several novel features which make it attractive 
in electro-optic applications and which distinguish it from other liquid crystal 
devices: (1) Optic axis rotation about the sample normal— A ferroelectric smectic in 
this geometry behaves optically as a biaxial slab with the optic axes nearly along the 
director orientation. The biaxiality is generally weak, so the behavior is essentially 
uniaxial with the uniaxis along the director. The effect of switching is to rotate the 
uniaxis about the normal to the surface through an angle of twice the tilt angle %. 
This is the only liquid crystal parallel-plate geometry allowing a rotation of the 
uniaxis of a homogeneous sample about the surface normal. (2) Strong-weak 
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coercivity loop A V in the voltage dependence ol the 
polarization 

W d = (1/8)AV? S - (5.102) 

and (ii) by measuring the free relaxation times tj to the 
bistable states for the FLC director 

W rf = 7^/4r rf (5.103) 

where 7^ is the viscosity for the 'tp relaxation of the 
director. 

5.5^2 The Clark-Lagerwall Effect 

Let us consider the best known dectrooptical phenom- 
enon in FLCs, the Clark-Lagerwall effect/ which 
results in the director reorientation from one bistable 
state to, another,, when the external electric field 
changes its sign [12] (figure 539). In this case, smectic 
layers are perpendicular to the substrates and the 
director moves along the surface of a cOTe, whose 
axis is normal to the layers arid parallel to the cell 
substrates. In each final position of its deviation, the 
director remains parallel to the substrates, thus trans- 
forming a cell into a uniaxial phase plate. The origin of 
switching the director is an interaction of the polariza- 
tion P perpendicular to thfe director with the electric 
field E. The maximum variation of the transmitted 
intensity is achieved when an FLC cell is placed 
between crossed polarizers, so mat an axis of the 
input polarizer coincides with one of the final director 
positions. The total angle of switching equals twice the 

FIGURE 5.39. An FLC cell with the smectic layers (3) 
perpendicular to the substrates (1) and current conducting 
layers (2). E - electric field, n - director. 




tilt angle 0. The Clark-Lagerwall effect is observed in 
the scxalle d surface stabilized FLC structures (SSFLO 
[12,226,227], In SSFLC cells, d < h and the helix is 
unwound by the walls. 
i The variation of the azimuthal director angle <p in 
the Clark-Lagerwall effect is described by the equa- 
tion for the torque equilibrium, which follows from 
minimization of the tree energy (5.101): 

^Ik* K fa2~ p s£smv ? H"-^-sm^cos¥? (5.104) 

assuming the FLC tobe uniaxial, Ae = (e^ - e ± ) sin 2 9, 
. and K is a combination of Kj, K 2/ and K 3 from (5.97). 
When the helix is unwound by the cell walls, the 
second term in the left part vanishes. 
The boundary conditions are: 

K^ + W p smv±W d sm2<p\ x=dfi , (5.105) 

For polarizations P s > lOnCcm" 2 , driving fields 
E < lOVptm" 1 and dielectric anisotropy |Ae| < 1, we 
have 

|Ae£/47r| < P ' (5.106) 

and, consequently, the second term in the right-hand 
part of (5.104) may be omitted. In this case the 
response times in the Clark-Lagerwall effect are 
given by 

'■t, = 7,/PsE. (5-107) 

If inequality (5,106) is invalid, which occurs for 
sufficiently high fields, |AeE/47r| ~ P s , me response 
times of the Clark-Lagerwall effect sharply increase 
for positive A£ values. In contrast, for negative values 
of Ae, the corresponding switching times become 
shorter [228,229]. This is especially important for 
practical applications because it promotes an increase 
in the information capacity of FLC displays. For 
I AeE/47r| ■»> P S/ the FLC switching times r are approxi- 
mately governed by the field squared, r ~ 4^/ AeE 2 , 
as in the Frederiks effect in nematics. 

Reference [230] shows that two regimes of switch- 
ing exist in the Clark-Lagerwall effect, separated by 
threshold field 

EtoZtAWt/Psd. (5.108) 

For E < E tt , one observes the motion of domain 
walls, separating the regions of differently oriented 
polarization P and -P. The switching time is defined 
by the motion of the walls. If E > E tt (the Clark- 



